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Background: Coccolithophores are one of the major components of marine phytoplankton and also one of the
most prominent members of haptophyte algae. Studies of the extant coccolithophores started more than half a
century ago in New Zealand waters, and with two exceptions, were limited to only a few relatively small areas close
to shore. In this study the diversity of these ‘calcium carbonate scale-producers’ were updated from specimens
collected in oceanic waters around the wider region of New Zealand.
Methods: Water samples collected from 156 stations on 10 voyages between 2009 and 2011 were filtered through
Nuclepore polycarbonate membrane filters. Coccolithophores retained on these filters were identified using
scanning electron microscopy.
Results: A total of 46 extant coccolithophore taxa were identified from 160 samples collected around New Zealand.
The total number of coccolithophore taxa identified was greatest to the east (46), intermediate to the west (15) and
least to the northeast and south (4 each) of New Zealand. These coccolithophores were classified into seven
families in the four orders, with three families in incertae sedis, and one in a nannolith family. Forty two taxa were
heterococcolithophores and four were holococcolithophopres.
Conclusion: Approximately 57 % of the extant coccolithophores recorded were first-time records for the region.
Even though Syracosphaera taxa generally occurred at low frequencies, they were the largest group and made up c.
31 % of all extant coccolithophores recorded in this study. Our findings provide updated information on the
species composition and biogeography of coccolithophores in the southwest Pacific near New Zealand.
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Coccolithophores (Coccolithophyceae) are marine,
unicellular, golden-brown haptophytes (Probert et al.
2007; Ruggiero et al. 2015). At some stage in their
life cycle they produce very small calcium carbonate-
scales called coccoliths. This group has been a major
producer of calcite in the open ocean since the late
Jurassic (Hay 2004). These algae have gained* Correspondence: h.chang@niwa.co.nz
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the global carbon cycle (e.g., Hiramatsu and Deckker
1997; Baumann et al. 2000) and possibly are also sus-
ceptible to ocean acidification as are other calcifiers
(e.g., Doney et al. 2009; Beaufort et al. 2011).
The most common form of coccolith is the heterococco-
lith (e.g., Cros and Fortuño 2002; Young et al. 2003). They
are formed by crystal units of variable shape and size, and
their biomineralisation occurs intracellularly (Manton and
Leadale 1969). Another less common form is the holococ-
colith which is constructed from numerous minute crystal-
lites that appear to get calcified extracellularly (e.g.,
Rowson et al. 1986; Kleijne 1991). Quite often both formsle is distributed under the terms of the Creative Commons Attribution 4.0
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samples (e.g., Cros and Fortuño 2002; Young et al. 2003).
The taxonomy of coccolithophores is primarily based on
the morphology of the exquisite calcium carbonate-
coccoliths of either heterococcolith or holococcolith form.
Living coccolithophores are distributed widely around
the globe, from tropical to polar region (e.g., Thomsen
1981; Winter and Siesser 1994; Baumann et al. 2000;
Findlay et al. 2005). Their biogeography has been studied
most extensively in Mediterranean Sea, Indian, Pacific
and Atlantic Oceans (e.g., Okada and McIntyre 1977;
Kleijne 1993; Cros and Fortuño 2002; Young et al. 2003;
Tyrrel and Merico 2004; Wang et al. 2012), and in rela-
tively recent times in high latitudes of the Southern
Ocean (e.g., Nishida 1986; Eynaud et al. 1999; Findlay
and Giraudeau 2000; Saavedra-Pellitero et al. 2014).
In New Zealand, initial studies were limited to cocco-
liths collected from deep sediments over the Challenger
Plateau (Murray and Renard 1891) and also in other
parts of the New Zealand region (Edwards 1968, 1982;
McIntyre et al. 1970; Burns 1973, 1975). Studies of living
coccolithophores started more than half a century ago,
however, were limited to several local areas near New
Zealand (Cassie 1961; Burns 1977; Rhodes et al. 1993,
1994). The most extensive survey was conducted by
Norris (1961) along a transect from northeast New
Zealand to Tonga. Samples collected from this voyage
were examined using light microscopy and records were
not illustrated. Very recently a survey carried out in the
Pacific sector of the Southern Ocean by Saavedra-Pellitero
et al. (2014) examined some coccolithophore samples col-
lected from the Subtropical Front (STF) and Subantarctic
(SA) waters, east of New Zealand. But this study was lim-
ited to three sites in STF and SA waters in a summer. Up
until now, no study has been conducted on species com-
position of extant coccolithophores in oceanic waters
around the wider region of New Zealand.
The present study is a component of New Zealand re-
search into the impacts of ocean acidification on pelagic
plankton. The aims of this study were to determine the
species composition of extant coccolithophores and to
update the diversity (checklist) and distribution of this
group including the wider region of the southwest Pacific
near New Zealand. As a substantial number of taxa were
new records, SEM images of all taxa are presented here.
Cell abundance in relation to environmental variables is
not included in this study but will be reported separately
elsewhere (Law et al., manuscript in preparation).
Methods
Coccolithophore samples
A total of ten surveys were conducted aboard the
RV’s Tangaroa and Kaharoa from January 2009 to
February 2012 in the southwest Pacific Ocean nearNew Zealand (Fig. 1, Table 1). Seven of these surveys
were conducted in spring, summer and autumn, in
the subtropical (ST), STF and SA waters over the
Chatham Rise and off Kaikoura coast, east of New
Zealand (Fig. 1). The remaining three surveys were
conducted on the northeast, west (along two transects
in the Tasman Sea), and south of New Zealand. A
combined total of 160 coccolithophore samples were
collected from 156 stations around New Zealand
(Fig. 1).
On each survey discrete water samples were collected
from the upper 10 m using a 10-litre Niskin bottles
mounted on a CTD rosette system. Immediately, 1.5 to
3 l water was filtered through a 47 mm diameter
(0.8 μm pore size) Nuclepore Polycarbonate Track-Etch
membrane filter (Whatman 111109). To minimise
mechanical disruption of coccospheres, a vacuum of less
than 100 mm Hg (low pressure) was applied below the
filter with an electrical vacuum pump. These filters were
individually placed in a labelled plastic Millipore petri
dish (PF10266, 47 mm diameter) and air dried. The fil-
ters were then stored in a sealed plastic storage con-
tainer with desiccant until analysis.
Scanning electron microscope
Using a cork borer (10 mm in diameter) a small circular
piece was cut out of the 47 mm Nuclepore polycarbon-
ate membrane filter and mounted on JEOL 12x10 mm
aluminium slug using double-sided adhesive tape. These
specimens were then coated with either platinum or car-
bon (15 nm thick) and examined with either a JEOL
JSM-5300LV (Tokyo, Japan) or Quanta 450 (Oregon,
U.S.A.) scanning electron microscopes (SEM) (20 kV) as
described in Chang (2013). For more than half of sam-
ples, high resolution images were further taken using a
JEOL JSM6500F FEG-SEM (10 kV) (Tokyo, Japan). The
entire coated, cut-out membrane filter was carefully ex-
amined using either JEOL or Quanta SEMs. The diam-
eter/ length of coccospheres and coccoliths were
measured using individual scales on the SEM images.
Species identification
Taxonomic identification employed the work of Okada
and McIntyre (1977), Hallegraeff (1984, 2010), Kleijne
(1992, 1993), Winter and Siesser (1994), Cros and Fortuño
(2002), Young et al. (2003), Kleijne and Cros (2009) and
Frada et al. (2010). The species list used here was based
on that of Young et al. (2003) and Jordan et al. (2004).
Results
Species composition
A total of 46 extant coccolithophore taxa, two of which
are represented by both hetero- and holococcolith
forms, were identified from 160 samples collected from
Fig. 1 Map of the study areas showing sampling stations around New Zealand
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(Table 2; Figs. 2, 3 and 4). Forty two taxa were robust
heterococcolithophores and 35 of them were placed in 7
families of the four orders, Coccosphaerales, Isochrysi-
dales, Syracosphaerales and Zygodiscales, with the rest
placed in incertae sedis (4 families) and in the holococ-
colith group according to the scheme of Young et al.
(2003) and Jordan et al. (2004).Syracosphaerales was by far the largest group, with 23
species/ taxa recorded in three families, Calciosolenia-
ceae (2), Rhabdosphaeraceae (7) and Syracosphaeraceae
(14) (Table 2). Isochrysidales was intermediate, with 7
taxa in the family Noëlaerhabdaceae. Both Coccosphaer-
ales (two species in the Calcidiscaceae) and Zygodiscales
(three species plus one holococcolith form in Helico-
sphaeraceae and one species in Pontosphaeraceae) were
Table 1 Number of stations where water samples were
collected from each voyage during the period from 2009 to
2012 near New Zealand
Voyage Location Date Number of
stations
1 TAN0902 Chatham Rise 28-01-09 to 3-02-09 15
2 TAN0904 Kaikoura 21-04-09 to 30-04-09 21
3 TAM0908 Kaikoura 1-10-09 to 21-10-09 4
4 TAN0909 Chatham Rise 16-10-09 to 30-10-09 19
5 KAH0907 Bay of Islands 20-8-09 to 22-8-09 3
6 PINTS Tasman Sea 31-01-10 to 15-02-10 36
7 TAN1102 Chatham Rise 6-02-11 to 11-02-11 16
8 TAN1107 Chatham Rise 28-09-11 to 1-10-11 9
9 TAN1106 South of NZ 19-04-11 to 29-04-11 8
10 TAN1203 Chatham Rise 5-02-12 to 28-02-12 25
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of Coronosphaera mediterranea) were, however, placed
in the three different groups of incertae sedis, with 4
species placed in the holococcolithophore group.
Morphological characteristic
As the majority of extant coccolithophores previously re-
ported in New Zealand were examined using light micros-
copy and some with only low resolution SEM (e.g., Cassie
1961; Norris 1961; Burns 1973, 1975, 1977; Rhodes et al.
1993, 1994), the morphological characteristics of all 46
taxa recorded here were illustrated using mostly high
resolution scanning electron microscopy. SEM images of
42 heterococcolithophores, including the two holococco-
lith forms [Helicosphaera carteri HOL = (Syracolithus
catilliferus (Kamptner 1937) Deflandre 1952) and Corono-
sphaera mediterranea HOL gracillima-type (Calyptro-
lithophora gracillima (Kamptner 1941) Heimdal in
Heimdal and Gaarder 1980)], were displayed in Figs. 2a-t,
3a-t and 4a-p, while the 4 holococcolithophores were il-
lustrated in Fig. 4q-t.
Of the 46 taxa identified from samples collected be-
tween 2009 and 2012, 26 taxa/ forms were first-time re-
cords (c. 57 %). Four of these first-time records were
members of the order Isochrysidales, twelve were mem-
bers of the order Syracosphaerales, three were members
of the order Zygodiscales, another three were in the four
families of insertae sedis, and four were holococcolitho-
phores. In terms of size, coccoliths produced by the 26
first-time records of the New Zealand specimens
(Table 3) were found to be generally reminiscent of
those (with some variations) reported by Cros and
Fortuño (2002) and Young et al. (2003). In the following
only simple descriptions of the first-time records and a
couple of new morphotypes (e.g., supercalcified and
highly calcified) of Emiliania huxleyi (Lohmann 1902)Hay and Mohler in Hay et al. 1967 found in the New
Zealand region are presented here.
Gephyrocapsa muellerae Bréhéret 1978 (Fig. 2i), cocco-
sphere spherical to subspherical (5–6 μm). Elliptical placo-
liths (2.9–3.8 μm long) are similar in construction to
those of Gephyrocapsa oceanica Kamptner 1943, with
bridge at low angle to long axis; central area rather small.
Gephyrocapsa ornata Heimdal 1973 (Fig. 2k-l), cocco-
sphere spherical to subspherical (4–5 μm) (Table 2), coc-
coliths similar to G. ericsonii McIntyre and Bé 1967
(Fig. 2h) but with a conspicuous ring of spines around
the central area and with much higher bridge of two dia-
metrically opposite plates of varying shape. The bridge
of G. ornata is at low angle to the long axis.
Reticulofenestra parvula (Okada and McIntyre 1977)
Biekart 1989 (Fig. 2m) and R. parvula var. tecticentrum
(Okada and McIntyre 1977) Jordan and Young 1990
(Fig. 2n), coccospheres (4–6 μm) of both species/variety
similar to Emiliania huxleyi (Fig. 2c-g; Table 2). Cocco-
liths of R. parvula differed from those of E. huxleyi in
not having slits between distal shield elements while R.
parvula var. tecticentrum differed from the latter species
in having coccolith with over calcified central area.
Anacanthoica acanthos (Schiller 1925) Deflandre 1952
(=Acanthoica) (Fig. 2s), coccosphere ovoid (c. 6 μm),
monomorphic with no spines (Table 2). Coccoliths ellip-
tical (1.9–2.1 μm) with relatively wide rim; ring of radial
laths with central, wide, low protrusion (Table 3).
Cyrtosphaera aculeata (Kamptner 1941) Kleijne 1992
(=Acanthoica) (Fig. 2t), coccosphere (8–10 μm) subsphe-
rical to elongate (Table 2). Coccoliths (2.5–2.8 μm) vari-
morphic with rim somewhat bent upwards; central area
with ring of radial laths (Table 3). Conical inner central
area with protrusion ending in papilla; protrusion of
some apical coccoliths modified into spine.
Palusphaera vandelii Lecal 1965 emend. Norris 1984
(Fig. 3b), coccosphere subspherical (without spines, 4.4–
4.7 μm) (Table 2). Coccoliths with relatively long, distal
spines and almost circular proxima disc (1.5–2.0 μm) with
smooth central area towards base of spine (Table 3).
Rhabdosphaera xiphos (Deflandre and Fert 1954)
Norris 1984 (Fig. 3c-d), coccosphere subspherical (4.0–
5.8 μm) and dimorphic (Table 2). There is a distinctive
star pattern on distal face of circular body coccolith
(1.3–1.9 μm) with delicate spine and short collar at its
base (Fig. 3d) (Table 3).
Syracosphaera anthos (Lohmann 1912) Janin 1987
(=Deutshlandia) (Fig. 3e-f ), coccosphere subspherical
(12.3–15.3 μm) and dithecate. Body coccolith (4.5–
5.8 μm) dimorphic, circum-flagellar coccolith with large
spine (Tables 2 and 3).
Syracosphaera bannockii (Borsetti and Cati 1976) Cros
et al. 2000 (Fig. 3g-h), coccosphere ovoid (6.2–8.2 μm)
and dithecate; body coccoliths (1.7–2.8 μm) elliptical
Table 2 List of extant coccolithophores recorded from 160 samples collected from 156 stations during 2009 and 2012: a) over the
Chatham Rise and Kaikoura coast, east of New Zealand (NZ); b) in Bay of Plenty, northeast NZ; c) along two transects in the Tasman
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Calcidiscus leptoporus 2A 10–15 + - - - + - + - + +
Umbilicosphaera hulburtiana 2B 5–6 - - - + - - - - - -
Order Isochrysidales
Family Noëlaerhabdaceae
Emiliania huxleyi 2C-G 3–7 +* + +* + + + + + + +
Gephyrocapsa ericsonii 2H 4–5 + + + + + + + + + -
Gephyrocapsa muellerae 2I 5–6 - + - + + + + + + -
Gephyrocapsa oceanica 2J 8–10 + + + + + + + - + -
Gephyrocapsa ornata 2K-L 4–5 - + - - + - + - - -
Reticulofenestra parvula 2M 4–6 - - + + - + + - - -
R. parvula var. tecticentrum 2N 4–6 - - - + - + + - - -
Order Syracosphaerales
Family Calciosoleniaceae
Calciosolenia brasiliensis 3G-H 6–8 - + - - - - + - + -
Calciosolenia murrayi 3I 11–13 - - - + - - - - - -
Family Rhabdosphaeraceae 3J-K 6–7 - + - - - - - - - -
Acanthoica quattrospina 3L-M 6–9 - + - + + - + - + -
Algirosphaera robusta 3N 6–7 - + - + + - - - - -
Anacanthoica acanthos 3O 5–6 - + - - - - + - + -
Cyrtosphaera aculeata 3P-Q c. 11 - + - - - - - - - -
Discosphaera tubifera 3R c. 7 - - - + - - + - - -
Palusphaera vandelii 3S 6–7 - - - + + - - - - -
Rhabdosphaera xiphos 3T 7–8 - + - + - - - - - -
Family Syracosphaeraceae 4A 10–12 + + - + + - + - + -
Syracosphaera anthos 4B-C c. 9 - - - - - - - - - -
Syracosphaera bannockii 4D n.d. - - - + - - - - - -
Syracosphaera corolla
Syracosphaera leptolepis 4E 12–15 - + - + - - + + + +
Syracosphaera molischii 3G-H 6–8 - + - - - - + - + -
Syracosphaera nana 3I 11–13 - - - + - - - - - -
Syracosphaera nodosa 3J-K 6–7 - + - - - - - - - -
S. nodosa aff. S. sp. type 2 3L-M 6–9 - + - + + - + - + -
Syracosphaera cf. orbiculus 3N 6–7 - + - + + - - - - -
Syracosphaera ossa 3O 5–6 - + - - - - + - + -
Syracosphaera pemmadiscus 3P-Q c. 11 - + - - - - - - - -
Syracosphaera pulchra 3R c. 7 - - - + - - + - - -
Syracosphaera serrata 3S 6–7 - - - + + - - - - -
Syracosphaera tumularis 3T 7–8 - + - + - - - - - -
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Table 2 List of extant coccolithophores recorded from 160 samples collected from 156 stations during 2009 and 2012: a) over the
Chatham Rise and Kaikoura coast, east of New Zealand (NZ); b) in Bay of Plenty, northeast NZ; c) along two transects in the Tasman
Sea, west of NZ; d) south of NZ (Continued)
Genus incertae sedis 4A 10–12 + + - + + - + - + -
Coronosphaera mediterranea 4B-C c. 9 - - - - - - - - - -
Coronosphaera mediterranea
HOL gracillima-type 4F n.d. - - - - - - - - + -
Order Zygodiscales
Family Helicosphaeraceae
Helicosphaera carteri 4G 17–19 - + - - + - + - + -
Helicosphaera carteri HOL 4H c. 12 - + - - - - - - - -
Helicosphaera hyalina 4I c. 12 - + - - - - - - - -
Helicosphaera wallichii 4J c. 15 - + - - - - - - - -
Family Pontosphaeraceae
Scyphosphaera apsteinii 4K c. 26 - + - - - - + - - -
Coccolith families incertae sedis
Family Alisphaeraceae
Alisphaera pinnigera 4L c. 7 - - - + - - + - - -
Polycrater galapagensis 4M c. 8 - + - - - - - - - -
Family Papposphaeraceae
Papposphaera lepida 4N c. 5 - + - + - - - - - -
Family Umbellosphaeraceae
Umbellosphaera tenuis Type II 4O 8–14 + + + + - - - - + +
Nannolith family incertae sedis
Family Braarudosphaeraceae
Braarudosphaera bigelowii 4P c. 5–6 - + - - - - - - - -
Holococcolith Group
Corisphaera gracilis 4Q c. 5 - + - + - - - - - -
Holococcolithophora sphaeroidea 4R 8-10 - + - - - - - - - -
Homozygosphaera arethusae 4S 8–12 - + - - - - - - - -
Poricalyptra aurisinae 4T c. 8 - + - - - - - - - -
§Cell size is a measurement of either the diameter or length of cell in μm; * Emiliania huxleyi blooms confirmed by the MODIS sensor on NASA’S satellite (NASA
Earth Observatory 2009, 2011); ‘+’ = present, ‘-’= absent; SP 09 = Spring 2009; SU 09 = Summer 2009; AU 09 = Autumn 2009; SU 11 = Summer 2011; SU 10 = Summer
2010; AU 11 = Autumn 2011; SU 12 = Summer 2012
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pointed spine, sometimes slightly curved (Tables 2 and 3).
Syracosphaera leptolepis Kleijne and Cros 2009
(Fig. 3j-k), coccosphere subspherical (c. 7.0 μm); body
coccoliths (1.8–2.0 μm) broadly elliptical dishes with
slight distal edge and straight wall; central area slightly
vaulted with slightly raised, inner central structure.
Exothecal planoliths circular discs, central part consist-
ing of dextrally oblique elements (Fig. 3k); loosely at-
tached to the coccospheres (Tables 2 and 3).
Syracosphaera nodosa Kamptner 1941 (Fig. 3o), cocco-
sphere ovoid (6.2–6.6 μm) and dithecate. Body coccolith
elliptical (1.3–2.7 μm), wall relatively deep but with no
distal flange and with characteristic vertical ribs on outer
surface of wall (Tables 2 and 3). Circum-flagellarcoccolith has strong spine, with sheath-like structure
which covers about 80 % of proximal part of the spine.
Syracosphaera nodosa aff. S. sp. type 2 of Kleijne 1993
(Fig. 3p-q), coccosphere almost spherical (c. 11 μm), and
dithecate (Table 2). Thin and subcircular outer cocco-
liths form complete outer layer over body coccoliths.
Central area of elliptical body coccolith (2.8–2.9 μm)
with radial laths and elongated mound as central con-
necting structure; thin, subcircular exothecal planoliths
loosely attached to coccosphere (Fig. 3q; Table 3).
Syracosphaera cf. orbiculus Okada and McIntyre 1977
(Fig. 3r), coccosphere subspherical (c. 7.0 μm). Body coc-
coliths (2.2–2.6 μm) with relatively thin smooth wall
(Tables 2 and 3); central area with well-developed con-
necting external ring and flat, elongated internal
Fig. 2 Heterococcolith and holococcolith forms: (a) Calcidiscus leptoporus; (b) Umbilicosphaera hulburtiana; (c-g) Emiliania huxleyi, showing five
different morphotypes (c, supercalcified; d, over-calcified; e, type A; f, type B; g; type C); (h) Gephyrocapsa ericsonii; (i) Gephyrocapsa muelerae; (j)
Gephyrocapsa oceanica; (k) Gephyrocapsa ornata; (l) Coccolith of G. ornata; (m) Reticulofenestra parvula; (n) Reticulofenestra parvula var.
tecticentrum; (o) Calciosolenia brasiliensis; (p) Calciosolenia murrayi; (q) Acanthoica quattrrospina; (r) Algirosphaera robusta; (s) Anacanthoica
acanthos; (t) Cyrtosphaera aculeata. Scale bars: a-n and q-t, 1 μm; o-p, 10 μm
Chang and Northcote Marine Biodiversity Records  (2016) 9:75 Page 7 of 13connecting structure. Circum-flagellar coccoliths with
long and somewhat bent spine (Cros and Fortuño 2002).
Syracosphaera serrata Kleijne and Cros 2009
(Fig. 4b-c), coccosphere (c. 9 μm) dithecate (Table 2).
Body coccoliths broadly elliptical (2.1–2.2 μm) with
irregular outline and low, thin flaring wall; central
area made up of radial laths and a flat inner centre
(Table 3). Exothecal coccoliths are wheel-like plano-
liths with serrate margin (Fig. 4c).
Coronosphaera mediterranea HOL gracillima-type
(=Calyptrolithophora gracillima (Kamptner 1941) Heimdal
in Heimdal and Gaarder 1980) (Fig. 4f), holococcolithform. Body coccoliths (2.8–3.2 μm) have rounded distal
protrusion with flared tube (Table 3), no flange, hexagonal
mesh fabric without large pores; discontinuous rim
formed from two rows of crystallites.
Helicosphaera carteri HOL [=Syracolithus catilliferus
(Kamptner 1937) Deflandre, 1952 (=Syracosphaera)]
(Fig. 4h), holococcolith form produced only small ellip-
tical coccoliths (2.4–2.7 μm) (Table 3) with central pyr-
amidal spine.
Helicosphaera hylina Gaarder 1970 (Fig. 4i) and H.
wallichii (Lohmann 1902) Okada and McIntyre 1977
(Fig. 4j), coccospheres of the heterococcolith form of
Fig. 3 Heterococcolith form: (a) Discosphaera tubifera; (b) Palusphaera vandelii; (c) Rhabdosphaera xiphos; (d) Coccoliths of R. xiphos, showing a
distinctive star pattern on the distal surface; (e) Syracosphaera anthos; (f) Circum-flagellar coccoliths of S. anthos, showing a prominent spine;
(g) Syracosphaera bannockii; (h) Exothecal coccolith of S. bannockii; (i) Syracosphaera corolla; (j) Syracosphaera leptolepis; (k) Exothecal coccoliths of
S. leptolepis; (l) Syracosphaera molischii type 1; (m) S. molischii type 2; (N) Syracosphaera nana; (o) Syracosphaera nodosa; (p) Syracosphaera sp. aff. S.
nodosa type 2 of Kleijne; (q) Thin circular exothecal coccoliths of S. sp. aff. S. nodosa type 2; (r) Syracosphaera cf. orbiculus; (s) Syracosphaera ossa;
(t) Syracosphaera pemmadiscus. Scale bars: a-t, 1 μm
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liths (5.3–6.0 μm and 8.4–10 μm respectively) (Tables 2
and 3) that wedged into one another by winged
flanges, reminiscent of those of H. carteri (Wallich 1877)
Kamptner 1954. There were, however, no slits in central
area of H. hylina, while central area of H. wallichii has
oblique twisted slits, rather than two inline slits as with
H. carteri.
Alisphaera pinnigera Kleijne et al. 2002 (Fig. 4l), coc-
cosphere (c. 7 μm) dimorphic. Central area of coccolith
(1.2–1.5 μm) has horizontal fissure (Tables 2 and 3).Some coccoliths have either tooth-like or flat, triangular-
like protrusion along their inner margin.
Polycrater galapagensis Manton and Oates 1980
(Fig. 4m), coccosphere (15–16 μm) with numerous
very small coccoliths (0.6–0.7 μm) (Tables 2 and 3).
Quadrate in plan-view and upside-down triangle-shaped
in lateral view. Coccoliths of aragonite (Manton and
Oates 1980).
Papposphaera lepida Tangen 1972 (Fig. 4n), cell spher-
ical (5–6 μm), diameter of coccosphere 14–15 μm. Base
of coccolith (1.2–1.6 μm) subcircular to elliptical, central
Fig. 4 Heterococcolith and holococcolith forms: (a) Syracosphaera pulchra; (b) Syracosphaera serrata; (c) Wheel-like exothecal planoliths of S. serrata;
(d) Syracosphaera tumularis; (e) Coronosphaera mediterranea; (f) Coronosphaera mediterranea HOL gracillima-type; (g) Helicosphaera carteri; (h) Helicosphaera
carteri HOL (= Syracolithus catilliferus) (i) Helicosphaera hylina; (j) Helicosphaera wallichii; (k) Scyphosphaera apsteinii; (l) Alisphaera pinnigera; (m) Polycrater
galapagensis; (n) Papposphaera lepida; (o) Umbellosphaera tenuis type II; (p) Braarudosphaera bigelowii; (q) Corisphaera gracilis; (r) Holococcolithophora
sphaeroidea; (s) Homozygosphaera arethusae; (t) Poricalyptra aurisinae. Scale bars: A-T, 1 μm
Chang and Northcote Marine Biodiversity Records  (2016) 9:75 Page 9 of 13area with long central stem which supports flat cone of
four large elements giving rise to almost continuous
outer layer of cell.
Corisphaera gracilis Kamptner 1937 (Fig. 4q), cocco-
sphere subspherical (c. 5 μm); coccoliths (1.2–1.5 μm)
with low wall and transverse arched bridge across open
distal end (Tables 2 and 3). Proximal end appears to be
sealed by thin-layer of crystallites.
Holococcolithophora sphaeroidea (Schiller 1913)
Jordan et al. 2004 (=Calyptrosphaera) (Fig. 4r), cocco-
sphere ovoid (c. 10–12 μm long) (Table 2). Coccoliths
conical with basal flange; distal end tapers abruptly intosmall projection. Microcrystallites irregularly arranged,
separated by small perforations.
Homozygosphaera arethusae (Kamptner 1941)
Kleijne 1991 (=Corisphaera) (Fig. 4s), coccosphere
ovoid (8–12 μm) (Table 2); coccoliths (1.7–2.1 μm)
have proximal tube and robust, arched distal bridge
(Table 3).
Poricalyptra aurisinae (Kamptner 1941) Kleijne
1991 (=Helladosphaera) (Fig. 4t), coccosphere ovoid
(c. 9.0 μm) (Table 2). Coccoliths elliptical (2.3–2.5 μm)
(Table 3), with four oblong openings and transverse,
virtually one-layered ridge on distal surface.
Table 3 Comparison of the diameter/ length of body coccoliths of the twenty six first-time records in this study with those
corresponding taxa reported by Cros & Fortuño (2002) and Young et al. (2003)
Taxa Diameter/length of body coccolith (μm)
This Study Cros & Fortuño (2002) Young et al. (2003)
Alisphaera pinnigera 1.2–1.5 1.5–1.6 1.3–2.0
Anacanthoica acanthos 1.9–2.1 2.1–2.6 n.d.
Corisphaera gracilis 1.2–1.5 1.4–1.6 c. 1.5
Coronosphaera mediterranea HOL gracillima-type 2.8–3.2 2.1–2.3 n.d.
Cyrtosphaera aculeata 2.4–2.5 2.5–2.8 1.8–2.5
Gephyrocapsa muellerae 2.9–3.8 3.1–3.9 3–4
Gephyrocapsa ornata 2.8–3.6 2.2–2.5 n.d.
Helicosphaera carteri HOL 2.4–2.7 2.7–3.0 n.d.
Helicosphaera hylina 5.3–6.0 6.2–6.8 n.d.
Helicosphaera wallichii 8.4–10 c. 9.0 n.d.
Holococcolithophora sphaeroidea 1.5–2.0 1.6–1.8 1.8
Homozygosphaera arethusae 1.7–2.1 1.6–1.8 1.5
Palusphaera vandelii 1.2–1.8 1.5–1.9 n.d.
Papposphaera lepida 1.2–1.6 0.7–1.5 1–1.5
Polycrater galapagensis 0.6–1.0 0.6–0.7 n.d.
Poricalyptra aurisinae 2.3–2.5 2.3–2.4 n.d.
Rhabdosphaera xiphos 1.3–1.9 1.1–1.3 n.d.
Reticulofenestra parvula 1.9–2.8 1.4–1.9 1.2–2.0
Reticulofenestra parvula var. tecticentrum 2.5–3.0 1.4–1.9 1.2–2.0
Syracosphaera anthos 4.5–5.8 2.2–2.5 3.0–5.5
Syracosphaera bannockii 1.7–2.8 1.5–1.7 n.d.
Syracosphaera leptolepis 1.8–2.0 1.5–2.0 n.d.
Syracosphaera nodosa 1.3–2.7 2.3–2.5 1.5–2.5
Syracosphaera nodosa aff. S. nodosa type 2 2.8–2.9 2.7–2.9 n.d.
Syracosphaera cf. orbiculus 2.2–2.6 2.0–2.2 1.5–2.5
Syracosphaera serrata 2.1–2.2 n.d. 1.5–2.5a
aSyracosphaera serrata [=S. nodosa type B, Young et al., 2003, p. 36, Plate 15]; n.d. = no da
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Hay et al. 1967 (Fig. 2c-g), small coccosphere (3.5–
5.0 μm), spherical to subspherical, with relatively large
elliptical coccoliths (2.7–3.9 μm) (Table 2). Cells of the
supercalcified and highly calcified forms more or less the
same as other morphotypes; both forms recorded for the
first time among Type A, B, and C, in particular during
the spring 2009 blooms east of New Zealand (Fig. 2c-e).
Species diversity and distribution
The total number of coccolithophores identified from
samples collected between 2009 and 2012 was greatest to
the east (46), intermediate to the west (along two transects
in the Tasman Sea) (15), and least to the northeast (Bay of
Plenty) and south (4 each) of New Zealand (Table 2). Dur-
ing the 3 year study two massive, almost monospecific,
Emiliania huxleyi blooms were recorded in the vicinity ofthe STF (in the spring 2009 and summer 2011) and both
were confirmed by the MODIS sensor on NASA’s Aqua
satellite (NASA Earth Observatory 2009, 2011). The total
number of coccolithophores found on these two occasions
was 4 and 6 taxa respectively.
In non-bloom conditions, based on the frequency of
occurrence, Emiliania huxleyi was found to be most
abundant at virtually all sampling stations. The only ex-
ception was in the autumn 2009, when Reticulofenestra
parvula dominated the coccolithophore assemblage
along the Kaikoura coast, east of New Zealand. In non-
bloom conditions the average total number of taxa (22)
recorded on five occasions, in the spring, summer and
autumn of 2009, autumn 2011 and summer 2012, to the
east, was greater than the average (7.6) recorded on
three other occasions, in the summer 2010, spring 2009
and autumn 2011, to the rest of New Zealand (Table 2).
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Emiliania huxleyi, Gephyrocapsa ericsonii, G. muellerae
and G. oceanica, were most widely distributed, being re-
corded at most sampling sites (Table 2). Even though
members of the genus Syracosphaera generally occurred
in low frequencies (e.g., S. pemmadiscus Chang 2013, S.
bannockii, S. leptolepis, S. nana [Kamptner 1941] Okada
and Mcintyre 1977 [=S. sp. type A of Kleijne 1991, 1993],
S. nodosa, S. nodosa aff. S. sp. type 2, S. cf. orbiculus, S.
ossa [Lecal 1966] Loeblich and Tappan 1968 [Syraco-
lithus], S. serrata and S. tumularis Sánchez-Suárez 1990
[=S. sp. type C of Kleijne 1993]), they were found to be
more widespread to the east (14) than to the west (4),
northeast and south (none) of New Zealand (Table 2). All
the remaining taxa appeared to be more sparsely distrib-
uted at fewer stations than the other two groups but
generally they were also more common to the east than to
the rest of New Zealand.
Discussion
The total of 46 living coccolithophores recorded here in
the 3-year study is greater than the number previously
documented (40) in New Zealand (Norris 1961; Cassie
1961; Burns 1977, Rhodes et al. 1993, 1994) and also is
greater than the number (27) recently recorded on the
three offshore stations, southeast of New Zealand (Saa-
vedra-Pellitero et al. 2014). Nevertheless, more than half
(c. 57 %) of these 46 taxa are first-time records. Adding
26 new records plus a recently described species, Syraco-
sphaera pemmadiscus (Chang 2013) of this study, to the
40 previously documented taxa in New Zealand, and
about 10 newly recorded taxa from southeast New
Zealand, the total number of coccolithophores found in
the New Zealand region is now estimated to be 77.
This is greater than the total of about 42 taxa recognised
in the tropical, subtropical and temperate waters of
Australia (about 16 are different from those recorded in
the New Zealand region) (Conley 1979; Hallegraeff 1984,
2010; Callaghan 1992). By combining all the taxa identi-
fied in both New Zealand and Australia waters, the
grand total of the current living coccolithophores in the
southwest Pacific stands at about 93.
Most of the surveys (seven out of ten) conducted from
2009 to 2012 in this study were centred in the vicinity of
the STF near 43 S, east of New Zealand. This is a region
of two contrasting water masses – warm, macronutrient-
poor, iron-rich ST water in the north meeting cool,
fresher, macronutrient-rich, iron-poor SA water in the
south (e.g., Heath 1985; Chang and Gall 1998; Boyd et al.
1999) and is part of the so-called “The Great Calcite Belt”
(Balch et al. 2011). The greater number of taxa plus two
massive coccolithophore blooms (NASA Earth Observa-
tory 2009, 2011) observed in the vicinity of STF compared
with other areas of New Zealand, could reflect the widerseasonal range of sampling and greater number of surveys
conducted near the STF. Nevertheless, it is likely that the
physico-chemical conditions in this region favoured coc-
colithophores (e.g., Balch et al. 2011; Sadeghi et al. 2012;
Saavedra-Pellitero et al. 2014).
In this study Emiliania huxleyi was virtually the only
species observed to dominate in both bloom and non-
bloom conditions. This observation is consistent with
those made worldwide (e.g., Birkenes and Braarud 1952;
Okada and Honjo 1975; Holligan et al. 1993; Cokacar et al.
2001; Wang et al. 2012; Saavedra-Pellitero et al. 2014). The
build-up of Reticulofenestra parva as a dominant species in
the spring 2009 off Kaikoura coast, however, was a unique
event not just to New Zealand, but also in the southwest
Pacific Ocean. Previously Reticulofenestra parva was only
found to be dominant in surface sediments of the eastern
Mediterranean Sea (Ziveri et al. 2000).
In terms of taxa, the genus Syracosphaera was the most
diverse group. Fourteen taxa, about 31 % of all extant coc-
colithophores, were recorded east of New Zealand alone.
This number exceeded records of extant coccolithophores
previously documented in New Zealand (12) (e.g., Cassie
1961; Norris 1961; Burns 1977; Saavedra-Pellitero et al.
2014), Australia (8) (Hallegraeff 1984, 2010) and also the
Australian Sector of the Southern Ocean (9) (Findlay and
Giraudeau 2000). With only a few exceptions, most of
these Syracosphaera spp. occurred at low frequencies
similar to reports elsewhere in the world (e.g., Kleijne
1993; Jordan and Kleijne 1994; Cros and Fortuño 2002;
Young et al. 2003; Jordan et al. 2004).Conclusions
Almost all 46 coccolithophores identified in this study
were recorded from samples collected in the vicinity of
Chatham Rise and Kaikoura coast, east of New Zealand
alone. In contrast, a relatively small number of cocco-
lithophores were recorded from samples collected to the
west (in the Tasman Sea), northeast (Bay of Plenty) and
south of the country. About 57 % of these taxa/ forms
are first-time records. Emiliania huxleyi was the domin-
ant species observed not only in the two almost mono-
specific blooms east of New Zealand, but also in most
cases, in non-bloom conditions. Reticulofenestra parva
was, however, found on one occasion, to be dominant
off Kaikoura coast. Even though Syracosphaera taxa gen-
erally occurred at low frequencies, they were the largest
group and made up c. 31 % of all extant coccolitho-
phores recorded in this study. The total number of coc-
colithophores currently estimated in the Southwest
Pacific near New Zealand and Australia is 93.
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